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7RSRORJ\ RSWLPL]DWLRQ IRU UREXVW GDPDJH ORFDOL]DWLRQ XVLQJ DJJUHJDWHG
)5)V VWDWLVWLFDO FULWHULD
-RVHSK 0RUOLHU1 +DQQR 1LHPDQQ1 $PLU 6KDKGLQ2
1 8QLYHUVLWH GH 7RXORXVH  ,QVWLWXW &OHPHQW $GHU  ,6$( ,16$ 836 (0$&  ,&$  $YHQXH
(GRXDUG %HOLQ  7RXORXVH &HGH[   )UDQFH DQG 2 1DWLRQDO (QJLQHHULQJ DQG 6FLHQWLILF
&RPPLVVLRQ 1(6&20 3ORW 1R  + ,VODPDEDG 3DNLVWDQ
MRVHSKPRUOLHU#LVDH)U KDQQRQLHPDQQ#LVDHIU DPLUVKDKGLQ#\DKRRFRP
.H\ZRUGV 7RSRORJ\ RSWLPL]DWLRQ GDPDJH ORFDOL]DWLRQ PRGDO DQDO\VLV VWUXFWXUDO KHDOWK PRQLWRULQJ
$EVWUDFW 7KLV ZRUN IRFXVHV RQ WKH GHYHORSPHQW RI D GDPDJH ORFDOL]DWLRQ WRRO XVLQJ 7RSRORJ\ 2S
WLPL]DWLRQ 72 DV D VROYHU IRU WKH LQYHUVH SUREOHP RI ORFDOL]DWLRQ 7KLV DSSURDFK LV EDVHG RQ WKH
FRUUHODWLRQ RI D ORFDO VWLIIQHVV ORVV DQG WKH FKDQJH LQ IUHTXHQFLHV GXH WR GDPDJHV :H XVH WKH ORVV LQ
VWLIIQHVV IRU XSGDWLQJ XQGDPDJHG QXPHULFDO PRGHOV WRZDUGV VLPLODU PRGHOV ZLWK HPEHGGHG GDPDJHV
7KLV ZRUN LV DQ H[WHQVLRQ RI SDVW ZRUN DQG DLPV DW LQFUHDVLQJ WKH GHWHFWDELOLW\ RI WKH PHWKRG XVLQJ
XVLQJ DJJUHJDWHG )UHTXHQF\ 5HVSRQVH )XQFWLRQV )5)V VWDWLVWLFDO FULWHULD *RRG UHVXOWV KDYH ILQDOO\
EHHQ DFKLHYHG IRU WKH ORFDOL]DWLRQ RI FORVH GDPDJHV E\ WKH 7RSRORJ\ 2SWLPL]DWLRQ PHWKRG
,QWURGXFWLRQ
7KH XVH RI ILEUH FRPSRVLWH PDWHULDOV LQ DHURQDXWLFDO VWUXFWXUHV KDV YDVWO\ LQFUHDVHG GXULQJ WKH ODVW
GHFDGH 'XH WR WKH VSHFLILF WHQVLOH VWUHQJWK FRPSRVLWHV DUH XVHG IRU D YDULHW\ RI OLJKWZHLJKW VWUXFWXUHV
8QIRUWXQDWHO\ FRPSRVLWH VWUXFWXUHV VKRZ D YHU\ FRPSOH[ PHFKDQLFDO EHKDYLRU FRQFHUQLQJ G\QDPLF
ORDGV DQG D YDULHW\ RI GDPDJH PHFKDQLVPV WKDW DUH KDUG WR SUHGLFW 6RPH RI WKHVH GDPDJHV DUH ILEUH RU
PDWUL[ FUDFNLQJ ILEUH PDWUL[ GHERQGLQJ DQG SO\ GHODPLQDWLRQV 6WUXFWXUDO KHDOWK PRQLWRULQJ 6+0
DLPV DW DQDO\]LQJ WKH FUHDWLRQ DQG HYROXWLRQ RI GDPDJHV LQ FRPSRVLWHV GDPDJH GHWHFWLRQ WR LGHQWLI\
DIIHFWHG UHJLRQV GDPDJH ORFDOL]DWLRQ DQG WR HYDOXDWH WKHLU LQIOXHQFH RQ WKH VWUXFWXUH DV D ZKROH
GDPDJH FODVVLILFDWLRQ DQG TXDQWLILFDWLRQ >@
$ VWUXFWXUH FDQ EH FRQVLGHUHG DV D G\QDPLF V\VWHP ZLWK VWLIIQHVV PDVV DQG GDPSLQJ 2QFH VRPH
GDPDJHV HPHUJH LQ WKH VWUXFWXUHV WKH VWUXFWXUDO SDUDPHWHUV ZLOO FKDQJH DQG WKH IUHTXHQF\ UHVSRQVH
IXQFWLRQV DQG PRGDO SDUDPHWHUV RI WKH VWUXFWXUDO V\VWHP ZLOO DOVR FKDQJH
&KDQJH LQ QDWXUDO IUHTXHQFLHV LV WKH PRVW FRPPRQ SDUDPHWHU XVHG LQ WKH LGHQWLILFDWLRQ RI GDPDJHG
UHJLRQV >@ &RUUHODWLQJ GDPDJHV ZLWK D GHJUDGDWLRQ RI VWUXFWXUDO VWLIIQHVV DQGRU PDVV LQ QXPHUL
FDO VLPXODWLRQV KDV EHHQ SURYHG >@ $GDSWLQJ WKLV LGHD D QHZ DSSURDFK XVLQJ 7RSRORJ\ 2SWLPL]DWLRQ
GHVLJQ YDULDEOHV IRU ORFDOL]LQJ GDPDJHV KDV EHHQ SXEOLVKHG ILUVW E\ /HH HW DO >@ DQG H[WHQGHG E\ RXU
UHVHDUFK WHDP >@ 7KH NH\ RI WKLV DSSURDFK LV WKDW GXH WR WKH FKDUDFWHU RI 7RSRORJ\ 2SWLPL]DWLRQ
D VHDUFK IRU GHIHFWV LV SHUIRUPHG JOREDOO\ RYHU WKH HQWLUH VWUXFWXUH ZKLFK GLVWLQJXLVKHV WKLV PHWKRG
IURP HDUOLHU SURSRVHG PHWKRGV DQG RIIHUV LQWHUHVWLQJ SURVSHFWV ,Q WKLV SDSHU WKH QHZ SURSRVHG 6+0
PHWKRG FDQ EH DSSOLHG RQOLQH HPEHGGHG VHQVRUV RSHUDWLRQDO DQDO\VLV LQ FRPSDULVRQ WR 1RQ 'H
VWUXFWLYH 7HVWV 1'7 VXFK DV &VFDQ PHWKRG ZKLFK QHHGV WR GLVDVVHPEO\ WKH VWUXFWXUH
7KH RULJLQDO JRDO RI WRSRORJ\ RSWLPL]DWLRQ ZDV WR ILQG ZLWKLQ D GHILQHG GLVFUHWL]HG VROXWLRQ GR
PDLQ D VWUXFWXUH RI PLQLPDO FRPSOLDQFH KLJKHVW ULJLGLW\ E\ FKDQJLQJ WKH WRSRORJ\ 7KLV DSSURDFK
KDG ILUVW EHHQ SURSRVHG LQ >@ EDVHG RQ D KRPRJHQL]DWLRQ RI PLFURVWUXFWXUDO HOHPHQWV ZLWK UHFWDQJX
ODU KROHV ZKRVH VL]H DUH GHILQHG E\ WKH GHVLJQ YDULDEOH 7KH GLPHQVLRQV RI WKH KROHV FRXOG YDU\ IURP
 YRLG WR  VROLG QRUPDOL]HG WR WKH HOHPHQW
V VL]H DQG DOVR IURP HOHPHQW WR HOHPHQW %\ KRPRJ
HQL]DWLRQ RI WKH GLVFUHWH HOHPHQWV WKH PDWHULDO FRXOG EH WUDQVIRUPHG LQ DQ HTXLYDOHQW KRPRJHQHRXV
PDWHULDO 6LQFH WKLV PHWKRG FDQ GHOLYHU KD]\ UHVXOWV IRU WKH RSWLPL]HG VWUXFWXUH D VOLJKWO\ GLIIHUHQW
DSSURDFK KDV EHHQ SUHVHQWHG LQ >@ ZKLFK LV RIWHQ UHIHUUHG WR DV WKH 3RZHU /DZ DSSURDFK +HUH WKH
GHVLJQ YDULDEOHV DUH DVVXPHG WR EH DQ DGGLWLRQDO HOHPHQW SURSHUW\ WKDW FDQ EH XQGHUVWRRG DV D UHOD
WLYH GHQVLW\ RI WKH HOHPHQW %\ UHGXFLQJ WKH VWLIIQHVV DQG PDVV RI FHUWDLQ HOHPHQWV ZLWK WKHLU QHZO\
DVVLJQHG GHQVLW\ IUDFWLRQ SURSHUW\ D ORFDO FKDQJH RI VWUXFWXUDO VWLIIQHVV DQG PDVV FDQ EH REWDLQHG
7KLV ZRUN LV DQ H[WHQVLRQ RI SUHYLRXV ZRUNV >@ 7KLV PHWKRG KDV DOUHDG\ EHHQ YDOLGDWHG XVLQJ
D QXPHULFDOH[SHULPHQWDO FRUUHODWLRQ RQ FRPSRVLWHV VWUXFWXUHV XVLQJ D VLQJOH )5) FRPSDULVRQ ,Q WKH
KHUH SUHVHQWHG ZH SURSRVH D VLPSOH VWDWLVWLFDO PHWKRG ZKLFK SHUPLWV WR GLVWLQJXLVK FORVH GDPDJHV $V
WKH UHVXOW RI WKH LGHQWLILFDWLRQ LV GHSHQGHQW RI WKH FKRVHQ )5) GHSHQGHQF\ EHWZHHQ RQH IL[ LQSXW DQG
RQH PRYLQJ RXWSXW WKH LGHD LV WR XVH WKH ORFDO FRQWHQW RI WKH DYDLODEOH PHDVXUHPHQWV E\ FKRRVLQJ
UDQGRPO\ IHZ )5)V WR LQFOXGH LQ WKH ORFDOL]DWLRQ SURFHVV %\ DYHUDJLQJ WKH UHVXOWV DQ KRPRJHQHLVHG
LPDJH RI WKH GDPDJH FDQ EH SURGXFHG OHDGLQJ WR D EHVW ORFDOL]DWLRQ RI FORVH GDPDJHV
0RGDO $QDO\VLV
,Q WKLV VHFWLRQ WKH WKHRUHWLFDO EDFNJURXQG IRU WKH QXPHULFDO DSSURDFK XVHG LQ WKLV ZRUN LV EULHIO\
SUHVHQWHG %DVLF HTXDWLRQV IRU PRGDO DQDO\VLV DQG WKH FDOFXODWLRQ RI IUHTXHQF\ UHVSRQVH IXQFWLRQV IRU
D GLVFUHWL]HG V\VWHP DUH JLYHQ $OVR WKH RSWLPL]DWLRQ SUREOHPV VWDWHPHQW IRU WKH SUHVHQWHG GDPDJH
ORFDOL]DWLRQ PHWKRG LV GHYHORSHG
(T  VKRZV WKH VHW RI HTXDWLRQV RI PRWLRQ LQ PDWUL[ QRWDWLRQ IRU D UDQGRP GLVFUHWL]HG VWUXFWXUH
+HUHE\ WKH V\VWHP LV FRQVLGHUHG WR EH GLVFUHWL]HG E\ )LQLWH (OHPHQWV DQG0& DQG. DUH WKH V\VWHP
V
PDVV GDPSLQJ DQG VWLIIQHVV PDWULFHV UHVSHFWLYHO\ 7KH YHFWRU (f) LV D WLPHGHSHQGHQW ORDG YHFWRU
0u¨+ &u˙+.u = I(t) 
$ PRGDO DQDO\VLV LV SHUIRUPHG WR GHWHUPLQH WKH SULQFLSDO G\QDPLF FKDUDFWHULVWLFV RI WKH V\VWHP
OLNH QDWXUDO IUHTXHQFLHV GDPSLQJ UDWLRV DQG PRGH VKDSHV )RU D FHUWDLQ GHJUHH RI IUHHGRP k WKH IUH






mi (ω2i − Ω
2 + 2jζiωiΩ)

,I WKH QDWXUDO IUHTXHQFLHV DQG GDPSLQJ UDWLRV DUH NQRZQ WKLV HTXDWLRQ FDQ EH HYDOXDWHG IRU GLVFUHWH
H[FLWDWLRQ IUHTXHQFLHV
6HYHUDO VSHFLPHQV KDYH EHHQ IDEULFDWHG DQG KDYH XQGHUJRQH YLEUDWLRQ WHVWLQJ LQ WKH XQGDPDJHG
DQG GDPDJHG VWDWH >@ 5HVLQFRQWDLQLQJ FDUERQILEHUHSR[\ SUHSUHJV RI 7 DUH XVHG WR IDEUL
FDWH WKH WHVW VSHFLPHQV 7KH VSHFLPHQV KDYH D WKLFNQHVV RI mm DQG FRQVLVW RI  SOLHV RI VWDFNLQJ
VHTXHQFH [(0/90/45/− 45)3]s 
7KH YLEUDWLRQ WHVWV DUH FDUULHG RXW ZLWK WZR VWHHO PDVVHV DWWDFKHG DW WKH HQGV XVLQJ WKH 2EHUVW EHDP
WHVWULJ
7KH FRPSRVLWH EHDPV DUH DQDO\]HG LQ WKH WKUHH GLIIHUHQW VWDWHV $Q XQGDPDJHG VWDWH 8' D ILUVW
GDPDJH VWDWH GXH WR IRXU LPSDFWV ' DQG D VHFRQG GDPDJH VWDWH DIWHU HLJKW LPSDFWV ' 7KH ORFD
WLRQV RI WKH LPSDFWV DUH DOVR VKRZQ LQ ILJ  9LEUDWLRQ WHVWV DUH FDUULHG RXW DW HDFK RI WKHVH WKUHH VWDWHV
$ VLPSOH FDVH LV VWXGLHG ZKHUH WKH LPSDFW SRLQWV DUH FKRVHQ DV VXFK DV WKH GDPDJH LV V\PPHWULFDO RQ
ERWK VLGHV RI WKH WZR D[HV RI V\PPHWU\
$IWHU WKH HVWLPDWLRQ RI WKH VHW RI )5)V WKH PRGDO SDUDPHWHUV FDQ EH GHWHUPLQHG XVLQJ WKH 3RO\
0$; PHWKRG %RWK PRGDO SDUDPHWHUV RU )5)V FDQ EH FRPSDUHG WR QXPHULFDO UHVXOWV
8VLQJ 1DVWUDQ VRIWZDUH +DUPRQLF PRGDO DQDO\VLV DUH WKHQ SHUIRUPHG WR REWDLQ WKH PRGDO SDUDP
HWHUV RI WKH XQGDPDJHG DQG WKH GDPDJHG FDVH 7KH H[SHULPHQWDOO\ WHVWHG EHDPV KDYH EHHQ PRGHOHG
E\ VKHOO HOHPHQWV 7KH FRQQHFWLQJ SLHFH DQG WKH HQG PDVVHV WKDW ZHUH JOXHG WR WKH VSHFLPHQV IRU WKH
YLEUDWLRQV WHVWV KDG WR EH H[SOLFLWO\ PRGHOHG E\ WKUHHGLPHQVLRQDO VROLG HOHPHQWV $ GLVWULEXWHG ORDG
)LJ  /RFDWLRQ RI LPSDFWV DQG PHDVXUHPHQW SRLQWV RQ FRPSRVLWH EHDPV >@
ZLWK D FRPELQHG DPSOLWXGH RI 1N KDV EHHQ DSSOLHG WR WKH ERWWRP RI WKH FRQQHFWLQJ SLHFH WR VLPXODWH
WKH H[FLWDWLRQ IRUFH RI WKH VKDNHU
2SWLPL]DWLRQ 3UREOHP )RUPXODWLRQ IRU 'DPDJH /RFDOL]DWLRQ
7KH SULQFLSOH REMHFWLYH RI WKH SHUIRUPHG RSWLPL]DWLRQV LV WKH PDWFKLQJ RI D VHW RI PRGDO SDUDPHWHUV
DQ\ NLQG RI PDWFKLQJ IXQFWLRQ HJ OHDVW VTXDUH IRUPXODWLRQV FDQ EH FRQVLGHUHG :H UHIRUPXODWH
WKH SUREOHP DV WKH H[HPSODU\ SVHXGR REMHFWLYH IXQFWLRQ RI HT  ZKHUH f LV WKH RULJLQDO REMHFWLYH
IXQFWLRQ DQG P D SHQDOW\ IXQFWLRQ FRQVLVWLQJ RI D VHW RI LQHTXDOLW\ RU HTXDOLW\ FRQVWUDLQWV ZKLFK DUH
J DQG K UHVSHFWLYHO\ 7KH SDUDPHWHU rp LV D IXUWKHU SHQDOL]DWLRQ FRHIILFLHQW WKDW FDQ EH DSSOLHG WR WKH
FRQVWUDLQWV
PLQ : Φ(χ) = f(χ) + P (rp, K(χ), J(χ)) 
7KH YHFWRU RI GHVLJQ YDULDEOHV χ FRQVLVWV RI WKH 7RSRORJ\ GHVLJQ YDULDEOHV FRUUHVSRQGLQJ WR WKH
3RZHU /DZ DSSURDFK >@7KHVH GHVLJQ YDULDEOHV DUH SULQFLSDOO\ DQ DGGLWLRQDO HOHPHQW SURSHUW\ WKDW




VXEMHFW WR 0 ≤ χmin ≤ χ ≤ 1 
6LQFH WKH YDULDEOH LV QRUPDOL]HG E\ WKH RULJLQDO GHQVLWLHV LW FDQ RQO\ DVVXPH YDOXHV EHWZHHQ  DQG
 DV VWDWHG LQ WKH VLGH FRQVWUDLQWV 7KH GHVLJQ YDULDEOH LV DOVR SHQDOL]HG ZKLFK LV VXSSRVHG WR KHOS
LQ JHWWLQJ D FOHDUHU VROLGYRLG VROXWLRQ E\ PDNLQJ LQWHUPHGLDWH GHVLJQ YDULDEOHV PRUH FRVWO\ 7KH
YDOXHV RI WKH SHQDOL]DWLRQ H[SRQHQWV p DQG q DUH SUREOHPGHSHQGHQW EXW D SHQDOL]DWLRQ IDFWRU RI DERXW
 LV JHQHUDOO\ SURSRVHG LQ FRPPRQ OLWHUDWXUH >@
,Q WKH IROORZLQJ WKH FRQVWUDLQWV FRQVLVWLQJ RI PRGDO SDUDPHWHUV DUH GHILQHG ZKHUH WKH SULPHG
YDOXH ω DOZD\V GHQRWHV WKH UHIHUHQFH GDWD RI WKH GDPDJHG VWUXFWXUH DQG WKH SODLQ YDOXH ω FRUUH
VSRQGV WR WKH FXUUHQW GDWD RI WKH RSWLPL]HG PRGHO 6LQFH WKH JRDO LV WR PLQLPL]H WKH GLIIHUHQFH EHWZHHQ
WKHVH YDOXHV D SUR[LPLW\ ǫ LV XVXDOO\ GHILQHG
:H XVHG VHW RI FRQVWUDLQW HTXDWLRQV JH UHTXLUHV WKDW WKH PDJQLWXGH YDOXH RI WKH QRGDO )5) )5)
RI DQ )( QRGH DW D FHUWDLQ H[FLWDWLRQ IUHTXHQF\ Ωj LV ZLWKLQ WKH SUR[LPLW\ RI WKDW RI WKH GDPDJHG





< ǫH IRU j = 1, 2, ..., nH 
5HVXOWV DQG 'LVFXVVLRQ
,Q WKH IROORZLQJ VRPH 7RSRORJ\ 2SWLPL]DWLRQ UHVXOWV DUH SUHVHQWHG IRU WKH PRGDO SDUDPHWHUV RI WKH
EHDP WKDW ZDV LPSDFWHG ZLWK DQ HQHUJ\ RI 8J  7KHUHE\ WZR VHWV RI GDPDJH VWDWH PRGDO SDUDPHWHU
GDWD H[LVWHG IRU WKH EHDPV ' DQG ' 7KXV 7RSRORJ\ 2SWLPL]DWLRQ ZDV SHUIRUPHG ZLWK WKH JRDO WR
HLWKHU ORFDOL]H WKH ILUVW IRXU LPSDFW VLWHV RU DOO HLJKW 7KH UHVXOWV IRU WKH ERWK FDVHV XVLQJ RQO\ UHVRQDQFH
IUHTXHQFLHV DV FRQVWUDLQWV DUH VKRZQ LQ ILJ  DQG  ZLWK WKH FRUUHVSRQGLQJ XOWUDVRXQG VFDQ )RU WKH
ILUVW WZR LPSDFWV WKH ULJKW ORFDWLRQV KDYH HIIHFWLYHO\ EHHQ IRXQG ZLWK VLPLODU VL]HV DV LQ XOWUDVRQLF
LPDJHV WKDW KDYH EHHQ SURGXFHG DIWHU YLEUDWLRQ WHVWLQJ ILJ  WKH RXWHU WZR LPSDFW GDPDJH VLWHV KDYH
EHHQ LQWURGXFHG DW ILUVW ' WKH WZR LQQHU LPSDFWV ODWHU ' VHH ILJ  XOWUDVRQLF WHVWLQJ FRXOG RQO\
EH SHUIRUPHG DIWHU DOO RWKHU WHVWLQJ KDG EHHQ FRPSOHWHG
)LJ  &RPSDULVRQ EHWZHHQ &6&$1 UHVXOWV WRS DQG 'DPDJH /RFDOL]DWLRQ E\ 72 ERWWRP IRU WKH
GDPDJH VWDWH '  7KH WZRPLGGOH SRLQWV DUH EODFNHQHG DV WKH\ FRUUHVSRQG WR WKH GDPDJH VWDWH ' 7KH
DSSOLHG DOJRULWKP LV DEOH WR HDVLO\ GHWHFW WKLV NLQG RI GDPDJH  LVRODWHG LPSDFWV ZLWK KLJK DFFXUDF\
7KH QH[W H[DPSOH ZLOO VKRZ WKH SDVW OLPLWDWLRQ RI RXU PHWKRG DQG LW KLJKOLJKWV WKH FODVVLFDO QRQ
XQLTXHQHVV RI WKH VROXWLRQ LQ LQYHUVH SUREOHP 'LUHFW SDUDPHWHUV LH )5)V DQG UHVRQDQFH IUHTXHQFLHV
VKRZ D UHODWLYHO\ JRRG PDWFK ZLWK WKH GDPDJHG FDVHV VHH WDE  ZKHUHDV WKH UHVXOWV RI WKH LQYHUVH
SUREOHP LH GDPDJH ORFDOL]DWLRQV DUH QRW LQ SHUIHFW PDWFK VHH ILJ 
7DEOH  5HVRQDQFH IUHTXHQFLHV RI WHVWHG &)53 EHDPV DIWHU  DQG  LPSDFWV DQG RI WKH FRUUHVSRQGLQJ
PRGHO ZLWK RSWLPL]HG GHQVLW\ GLVWULEXWLRQ (VSHFLDOO\ WKH KLJKHU IUHTXHQFLHV VKRZ D UHODWLYHO\ JRRG
PDWFK
)UHTXHQFLHV  +]
0RGH  ,PSDFWV  ,PSDFWV
7DUJHW 2SWLPL]DWLRQ 7DUJHW 2SWLPL]DWLRQ
 VW EHQGLQJ    
 QG EHQGLQJ    
 UG EHQGLQJ    
 WK EHQGLQJ    
)RU WKH PRUH GDPDJHG EHDP ZLWK IRXU LPSDFW VLWHV RQO\ D UDWKHU XQFHUWDLQ UHJLRQ RI GDPDJHG
PDWHULDO ZLWK ORZHU GHQVLWLHV FRXOG EH ORFDWHG ILJ  EXW QRW WKH GLVFUHWH LPSDFW SRLQWV DV VKRZQ LQ
WKH XOWUDVRXQG SLFWXUH VLQFH WKH GDPDJH LV YHU\ FORVHO\ VSDFHG DQG LV GLIILFXOW WR GLIIHUHQWLDWH 7R
VROYH WKLV LQYHUVH SUREOHP ZH QHHG WR DGG GDWD FRQWDLQLQJ LQIRUPDWLRQ 7KLV LV GRQH KHUH E\ DGGLQJ
PXFK )5)V LQ WKH SUREOHP WR HQVXUH D JRRG ORFDOL]DWLRQ
7KLV FKRLFH RI GHVLJQ FRQVWUDLQWV LV QRW YHU\ LQWXLWLYH 6LQFH KLJKHU UHVRQDQFH IUHTXHQFLHV VKRZ
XVXDOO\ D KLJKHU VKLIW GXH WR LQWURGXFHG GDPDJHV LW VHHPV REYLRXV WR XVH PRGDO SDUDPHWHUV RI D ODUJH
VSHFWUXP %XW ZLWK KLJKHU IUHTXHQFLHV WKH QHFHVVDU\ PRGDO LGHQWLILFDWLRQ EHFRPHV PRUH GLIILFXOW DV
KLJKHU PRGHV DUHPRUH VXVFHSWLEOH WR QRLVH DQG SDUWLFLSDWH OHVV DQG OHVV LQ WKH DFWXDO G\QDPLF UHVSRQVH
'XH WR WKH IDFW WKDW WKH UHVXOWV SUHVHQWHG LQ WKH H[SHULPHQWDO YDOLGDWLRQ VHFWLRQ DUH QRW YHU\ VDWLVIDF
WRU\ DQG SXQFWXDWHG D IXUWKHU DSSURDFK ZDV WULHG WR REWDLQ EHWWHU UHVXOWV IRU WKH GDPDJH ORFDOL]DWLRQ
:LWK HDFK VLQJOH )5) XVHG LQ HDFK RSWLPL]DWLRQ UXQ PRUH RU OHVV GLIIHUHQW UHVXOWV ZHUH REWDLQHG
,Q RUGHU WR UHGXFH XQFHUWDLQWLHV RQ WKH UHVXOWV ZH WU\ WR DYHUDJH HOHPHQW GHQVLWLHV IURP WKH DFKLHYHG
UHVXOWV ZLWK GLIIHUHQW QRGDO )5) GDWD7KLV DYHUDJH FDQ EH FDOFXODWHG HPSLULFDOO\ E\ HT  IRU n RSWL
PL]DWLRQ UHVXOWV
)LJ  &RPSDULVRQ EHWZHHQ &6&$1 UHVXOWV WRS DQG 'DPDJH /RFDOL]DWLRQ E\ 72 ERWWRP IRU
GDPDJH VWDWH ' 7KH GHYHORSHG PHWKRG KLJKOLJKWV KHUH D UHDO OLPLWDWLRQ 'DPDJH FDQ EH GHWHFWHG EXW
LW FDQQRW EH GLVWLQJXLVKHG EHWZHHQ HDFK RI WKH GDPDJH VLWHV 7KH DSSOLHG DOJRULWKP LV RQO\ FDSDEOH WR







+HUH ai LV D ZHLJKWLQJ IDFWRU WKDW LV FDOFXODWHG E\ HT  ,Q SUDFWLFH Q LV WKH QXPEHU RI LQWHUHVWLQJ






|ωj − ωj| 
7KH UHVXOWV RI WKLV DSSURDFK IRU WKH &)53 KDOI EHDP ZLWK IRXU LPSDFWV DUH VKRZQ LQ ILJ  7KH GLV
SOD\HG SLFWXUHV VKRZ D VOLJKWO\ EHWWHU FRUUHODWLRQ ZLWK WKH FRUUHVSRQGLQJ XOWUDVRXQG LPDJH LQ ILJ 
DV EHIRUH
)LJ  5HVXOWV RI D VWDWLVWLFDO DQDO\VLV IRU WKH KDOI EHDP ZLWK  LPSDFWV WDNLQJ LQWR DFFRXQW WKH UHVXOWV
RI VHYHUDO RSWLPL]DWLRQ UXQV ZLWK GDWD IURP GLIIHUHQW QRGDO )5)V DWRS $YHUDJHV RI HOHPHQW GHQVL
WLHV DERWWRP DYHUDJHV RI HOHPHQW GHQVLWLHV ZHLJKWHG E\ WKH FRUUHODWLRQ RI UHVRQDQFH IUHTXHQFLHV
E FRUUHVSRQGLQJ XOWUDVRXQG VFDQ ZLWK LQWHUHVWLQJ ]RQH KLJKOLJKWHG LQ WKH \HOORZ VTXDUH
2Q ILJ WKH WRSPRVW LPDJH LV D VLPSOH DYHUDJH RI WKH GHQVLW\ GLVWULEXWLRQV RI DOO RSWLPL]DWLRQ UXQV
ZLWK VSHFLDO ZHLJKW RQ WKH UXQ ZLWK RQO\ UHVRQDQFH IUHTXHQFLHV DV FRQVWUDLQWV 7KH ORZHU LPDJH LV D
ZHLJKWHG DYHUDJH WDNLQJ LQWR DFFRXQW WKH PDWFK RI WKH UHVRQDQFHV RI WKH RSWLPL]HG PRGHO ZLWK UHVSHFW
WR WKH WDUJHW IUHTXHQFLHV
)XUWKHU VWXGLHV XVLQJ GLIIHUHQW RSWLPL]DWLRQ DOJRULWKPV VWRFKDVWLF RU HYROXWLRQDU\ PHWKRGV HWF
DUH HQFRXUDJHG WR UHDFK WKH JRRG VROXWLRQ JOREDO PLQLPXP WKH SULQFLSDO SUREOHP LQ WKLV GDPDJH
ORFDOL]DWLRQ DSSURDFK LV KRZHYHU VWLOO WKH LQFOXVLRQ RI IXUWKHU GHVLJQ UHVSRQVHV WKDW DUH VHQVLWLYH WR
GDPDJHV LQ WKH ILEUH FRPSRVLWHV
&RQFOXVLRQV
7KH SUHVHQWHG GDPDJH ORFDOL]DWLRQ DSSURDFK WULHV WR DGDSW DQ H[LVWLQJ 72 PHWKRG E\ LQFUHDVLQJ WKH
QXPEHU RI REVHUYDWLRQ XVLQJ ORFDO )5)V WR OHDG WKH RSWLPL]DWLRQ SUREOHP WR RQH JRRG VROXWLRQ 7KH
FDQ DOVR EH GLYLGHG LQWR WZR VXESUREOHPV WKH RSWLPL]DWLRQ URXWLQH XVLQJ 7RSRORJ\ 2SWLPL]DWLRQ DQG
WKH H[SHULPHQWDO HVWLPDWLRQ RI PRGDO SDUDPHWHUV ZLWK WKH DVVRFLDWHG FRUUHFW QXPHULFDO PRGHOLQJ 7KLV
ZRUN DLPV DW LQFUHDVLQJ WKH GHWHFWDELOLW\ RI WKH PHWKRG XVLQJ XVLQJ DJJUHJDWHG )5)V VWDWLVWLFDO FULWHULD
*RRG UHVXOWV KDYH ILQDOO\ EHHQ DFKLHYHG IRU WKH ORFDOL]DWLRQ RI FORVH GDPDJHV )XUWKHU SURVSHFWV RI WKLV
ZRUN FRXOG EH WR GHYHORS DQ HOHFWURPHFKDQLFDO PRQLWRULQJ RI D ERQGHG DVVHPEO\ MRLQW IRU H[DPSOH D
YHU\ XVHG RQH LQ DHURQDXWLFV FRPSRVLWHVFRPSRVLWHV
5HIHUHQFHV
>@ 6 : 'RHEOLQJ & 5 )DUUDU 0 % 3ULPH ' : 6KHYLW] 'DPDJH LGHQWLILFDWLRQ DQG KHDOWK
PRQLWRULQJ RI VWUXFWXUDO DQG PHFKDQLFDO V\VWHPV IURP FKDQJHV LQ WKHLU YLEUDWLRQ FKDUDFWHULVWLFV
$ OLWHUDWXUH UHYLHZ 5HVHDUFK 5HSRUW /$06 /RV $ODPRV 1DWLRQDO /DERUDWRU\ 
>@ 5 ' $GDPV 5 &DZOH\ 7KH ORFDOL]DWLRQ RI GHIHFWV LQ VWUXFWXUHV IURP PHDVXUHPHQWV RI QDWXUDO
IUHTXHQFLHV -RXUQDO RI 6WUDLQ $QDO\VLV   
>@ 0 + 5LFKDUGVRQ 0 $ 0DQQDQ &RUUHODWLQJ PLQXWH VWUXFWXUDO IDXOWV ZLWK FKDQJHV LQ PRGDO
SDUDPH WHUV 3URFHHGLQJV RI 6SLH ,QWHUQDWLRQDO 6RFLHWH RI 2SWLFDO (QJLQHHULQJ   

>@ $ 6KDKGLQ - 0RUOLHU DQG < *RXULQDW &RUUHODWLQJ /RZHQHUJ\ ,PSDFW 'DPDJH ZLWK &KDQJHV
LQ 0RGDO 3DUDPHWHUV $ 3UHOLPLQDU\ 6WXG\ RQ &RPSRVLWH %HDPV 6WUXFWXUDO +HDOWK 0RQLWRULQJ
  
>@ - 6 /HH - ( .LP < < .LP 'DPDJH GHWHFWLRQ E\ WKH WRSRORJ\ GHVLJQ IRUPXODWLRQ XVLQJ
PRGDO SDUDPHWHUV ,QWHUQDWLRQDO -RXUQDO IRU 1XPHULFDO 0HWKRGV LQ (QJLQHHULQJ   

>@ + 1LHPDQQ - 0RUOLHU $ 6KDKGLQ < *RXULQDW 'DPDJH ORFDOL]DWLRQ XVLQJ H[SHULPHQWDO PRGDO
SD UDPHWHUV DQG WRSRORJ\ RSWLPL]DWLRQ 0HFKDQLFDO V\VWHPV DQG VLJQDO SURFHVVLQJ   

>@ $ 6KDKGLQ - 0RUOLHU + 1LHPDQQ < *RXULQDW &RUUHODWLQJ ORZ HQHUJ\ LPSDFW GDPDJH ZLWK
FKDQJHV LQ PRGDO SDUDPHWHUV GLDJQRVLV WRROV DQG IH YDOLGDWLRQ 6WUXFWXUDO +HDOWK 0RQLWRULQJ 
  
>@ = < 0DR * 3 &KHQ % 4 =KDQJ 7LQ\ GDPDJH ORFDOL]DWLRQ XVLQJ WRSRORJ\ RSWLPL]DWLRQ
-RXUQDO RI 9LEUDWLRQ DQG 6KRFN   
>@ 0 3 %HQGVRH 2 6LJPXQG LQ 7RSRORJ\ 2SWLPL]DWLRQ  7KHRU\ 0HWKRGV DQG $SSOLFDWLRQV
6SULQJHU 9HUODJ 
